Introduction
Carotid artery stenosis is a major cause of stroke, transient ischemic attacks or death [1] [2] [3] . Although medical therapy remains the mainstay of treatment in patients with asymptomatic stenosis [2, 3] , invasive treatment is indicated for symptomatic patients with stenosis greater than 50%, and in a select group of asymptomatic patients with severe stenosis [2] . Carotid artery stenting (CAS) has been increasingly used as an alternative treatment to carotid endarterectomy for symptomatic carotid stenosis [4, 5] . Restenosis after CAS remains a clinical challenge and long-term safety and efficacy of CAS is yet to be elucidated [4] . Factors predicting in-stent restenosis and future need for target lesion revascularization remain undetermined [4] . Coronary angioplasty and stenting was associated with a significant increase in plasma levels of von Willebrand factor (VWF) and endothelin-1 levels [6] [7] [8] . Elevation of plasma VWF may contribute to the pathogenesis of acute or subacute stent thrombosis and restenosis after multiple stenting [6] , but association between endothelin-1 and restenosis of the coronary artery is controversial [7, 8] . Our recent study showed that plasma levels of VWF and endothelin-1 were elevated within the first 2 weeks of CAS, but the post-CAS VWF and endothelin-1 elevation was not related to the restenosis of carotid arteries [9] . The role of endothelial injuries and sub-sequent changes in endothelium-derived VWF or endothelin-1 in post-CAS restenosis has not been previously reported. In this study, we investigated the relations between post-CAS restenosis and plasma levels of VWF or endothelin-1 12 months after CAS.
Materials and Methods

Patient Selection
This study was approved by the Institutional Review Committee of our hospital and adhered to the principles of the Declaration of Helsinki. Written informed consent was obtained from all study participants. Between February 2006 and January 2009, 67 patients (36 males, mean age 64.4 8 6.8 years; range, 56-73) who had a history of transient ischemic attack and met the selection criteria for CAS were selected for this study. Five patients who did not complete the 1-year follow-up were subsequently excluded from this study. The remaining 61 patients completed 12 months' follow-up. The indications for CAS were more than 50% of lumen stenosis accompanying clinical symptoms, or asymptomatic patients with more than 70% lumen stenosis [9] . Computed tomographic (CT) carotid angiography was used to diagnose carotid stenosis. Exclusion criteria included severe liver or kidney diseases, autoimmune disease, hematological disorders, tumor, or recent surgeries/trauma. Patients who did not complete the 12-month follow-up study including those who died before the end of the follow-up were excluded from final analysis.
CAS Procedures
The CAS procedures used in this study have been reported previously [9] . In brief, under local anesthesia, an 8-french guide catheter was inserted through the introducer sheath to the distal end of the common carotid artery. A protective umbrella was inserted and released to the distal part of carotid stenosis, and a bare metal stent (Acculink, Abbott, USA) was positioned on the stenotic segment of the carotid artery. The procedure was considered successful if the post-stenting carotid angiography showed ! 10% stenosis. The general characteristics of patients with or without restenosis are listed in table 1 . At baseline, there was no significant difference in age, sex, blood glucose, hypertension and blood lipids between the two groups (p 1 0.05). There was no statistically significant difference in the severity of carotid stenosis and in the number of stents being implanted (p 1 0.05). Following CAS, all patients were given clopidogrel and aspirin as antiplatelet therapy. Twelve (85.7%) patients in the restenosis group and 41 (87.2%, p 1 0.05) in the non-restenosis group were treated with an oral angiotensin converting enzyme inhibitor or an angiotensin receptor blocker to maintain blood pressure below 120/80 mm Hg.
Measurement of VWF and Endothelin-1
Venous blood samples were obtained immediately before, and 1 h, 2 weeks, 6 months and 12 months after CAS. The blood samples were collected into testing tubes containing 2% ethylenediaminetetraacetic acid and were centrifuged for 10 min at 3,000 rpm. The supernatant plasma was separated and stored at -20 ° C before the measurement within 4 weeks of the blood sample collection. The levels of VWF were measured by enzyme-linked immunosorbent assay (Sunlight Biotech, Fujain, China), and the level of endotheilin-1 was measured by radioimmunoassay kit (Institute of Immunology, Beijing, China). The detection procedures were performed strictly following the methods and steps instructed by the manufacturer.
Follow-Up
Patients were followed up in our hospital clinics monthly in the first 3 months, then every 2 months. Clinical examination was conducted and medications were reviewed during each visit to ensure compliance to clopidogrel, aspirin, atorvastatin and antihypertensive drugs. The CT carotid angiogram was performed at 12 months after stenting in all patients by Brilliance CT-64-channel scanner (Philips Medical Systems). The images of carotid artery were viewed separately by two senior radiologists who reviewed the CT angiography and were blinded to the blood levels of VWF or endothelin-1. In-stent restenosis was defined as a 1 10% narrowing of the vascular lumen with or without ischemic symptoms following the CAS.
Statistical Analysis
Statistical analysis was performed using SPSS, version 13.0. Data from restenosis and non-restenosis groups were expressed with means 8 standard deviations. Student's t test was performed to analyze the significance of differences in endothelin-1 and VWF before and after stenting. One-way ANOVA was used to compare the differences in baseline data, VWF or endothelin-1 level between the restenosis and non-restenosis groups. Categorical data were analyzed by 2 test; p ! 0.05 was considered as statistically significant. 
Results
Post-CAS Restenosis
All patients were symptomatic before the CAS, which was successful in all patients with a dilation of the stenotic segment of the carotid artery of more than 90%. There were no complications such as stroke, vascular injuries or bleeding requiring blood transfusion following CAS. During the follow-up, 1 patient died of acute myocardial infarction 8 months following CAS. The mean follow-up time was 13.8 8 1.7 months (range, 12-63). Restenosis was detected by CT carotid angiogram in 14 patients (23%). In 3 patients (4.9%), restenosis involved more than 50% of the vascular lumen. No further intervention was required in the 3 patients as they were asymptomatic. Four (6.6%) and 7 (11.5%) patients had restenosis of 30-50% of the vascular lumen and 11-30% of the lumen, respectively. None of these patients with restenosis had transient ischemic attack or other ischemic symptoms, therefore further intervention was not required.
Changes in VWF and Endothelin-1 following CAS
As shown in table 2 , the levels of VWF and endothelin-1 of the 61 patients at 1 h after CAS were higher than the baseline levels. The 6-month VWF and endothelin-1 were also higher than the baseline levels (p ! 0.01 or 0.05), but there was no statistically significant difference between 12-month VWF or endothelin-1 and the baseline values (p 1 0.05).
Comparison of VWF and Endothelin-1 between Restenosis and Non-Restenosis Groups
As shown in table 3 , there was no statistically significant difference in the baseline levels of VWF or endothelin-1 between restenosis and non-restenosis groups (p 1 0.05). In both groups, the 1-hour VWF and endothelin-1 were higher than the baseline values (p ! 0.05). In the nonrestenosis group, the mean VWF and endothelin-1 levels at 2 weeks, 1, 6 and 12 months after CAS were similar to the baseline values. In the restenosis group, the mean VWF and endothelin-1 levels at 2 weeks, 1 and 6 months after CAS were higher than the baseline levels (p ! 0.05 or p ! 0.01). The mean levels of VWF and endothelin-1 in the restenosis group were also higher than in the non-restenosis group at 1 h, 2 weeks, 1 and 6 months after CAS (p ! 0.05 or p ! 0.01). There was no statistically significant difference in 12-month VWF or endothelin-1 between restenosis and non-restenosis groups (p 1 0.05).
Discussion
In the present study, 23% of the patients showed some evidence of in-stent restenosis; the rate of significant restenosis ( 1 50%) was only 4.9%. Of all patients who had reste- Com pared to those in the non-restenosis group, * p < 0.05; ** p < 0.01; o p < 0.01 compared with baseline value within the same group.
nosis, there were no significant ischemic symptoms to suggest further interventions were required. These results indicate that with optimal use of medical therapies to control cardiovascular risk factors such as cholesterol, hypertension or diabetes [10] , the incidence of in-stent restenosis was low within the first 12 months of CAS. Our results are consistent with the previous reports [4, 5, [11] [12] [13] ] that CAS appears to be clinically safe and is associated with a low rate of periprocedural and 1-year cerebrovascular events or mortality. The reported incidence of in-stent restenosis following CAS ranged from 4.5 to 33.3% [14] [15] [16] [17] [18] . Unlike in the present study where CT carotid angiogram was used to diagnose post-CAS reste nosis, duplex ultrasonography was the most commonly used technique to detect the post-CAS in-stent restenosis [14, 19] . However, the ultrasound criteria for determining a restenosis are very heterogeneous [20] , and whether CT angiography is a better follow-up modality than ultrasound requires further investigation. There has been limited information about the pathogenesis and risk factors for in-stent restenosis following CAS. Previous studies [20] [21] [22] suggested that advanced age, female gender, implantation of multiple stents, prior stroke or revascularization treatment, suboptimal result with residual stenosis, and elevated postprocedural serum levels of acute-phase reactants may be associated with restenosis [20] [21] [22] . VWF and endothelin-1 are endothelium injury markers and are valuable for assessing the risk of thrombogenesis [6] [7] [8] . VWF contributes to thrombogenesis by mediating cluster and adhesion of platelets at the site of vascular injury [23] . Endothelin-1 is a major vasoconstrictor, and an increased release of endothelin-1 promotes vascular smooth muscle cell proliferation and accelerates the thrombogenesis [24] . The endothelin-1 receptor system has been known to play an important role in the pathogenesis of neointimal hyperplasia after endothelial injury [24] . Therefore antagonism of the endothelin receptor system may be effective in preventing restenosis after angioplasty. In the present study, there was an increase in plasma VWF and endothelin-1 in the first hour following CAS in all patients. In the non-restenosis group, plasma VWF and endothelin-1 levels returned to baseline levels at week 2. In the restenosis group, plasma VWF and endothelin-1 remained higher than the baseline levels until 6 months after CAS.
The mean values of VWF and endothelin-1 in the first 6 months following CAS were higher than in the non-restenosis group. These results suggest that persistent elevation in plasma VWF and endothelin-1 within the first 6 months of CAS may be associated with in-stent restenosis.
Considerable controversy exists regarding the clinical significance, natural history, threshold for management, and appropriate intervention of recurrent carotid stenosis after CAS [25] . Similar to the results from our study, many patients with post-CAS restenosis remain asymptomatic and probably do not require second revascularization procedures [20] . However, patients with symptomatic and severe restenosis may require further as sessment and intervention [25] . There has been little information about the strategies in preventing in-stent restenosis. Given the established role of diabetes, smoking, dyslipidemia or hypertension in the pathogenesis of carotid artery stenosis, optimal control of these cardiovascular risk factors may reduce the risk of restenosis following CAS. Further studies are required to ascertain if endothelium protection measures may reduce or prevent post-CAS restenosis.
More than 85% of our patients were treated with an angiotensin-converting enzyme inhibitor or an angiotensin receptor blocker following CAS. Previous experimental studies had shown that angiotensin-converting enzyme inhibitors or angiotensin receptor blockers inhibit plasma or vascular tissue levels of endothelin-1 [26] , and some angiotensin receptor blockers also block vascular endothelin receptors [27] . However, in healthy subjects and in normotensive type 1 diabetic patients, angiotensin-converting enzyme inhibitors had no impact on the plasma levels of VWF or endothelin-1 [28] . In the present study, the proportion of patients who were treated with an angiotensin-converting enzyme inhibitor or an angiotensin receptor blocker was similar between the restenosis and non-restenosis groups (85.7 vs. 87.2%). Therefore, these agents were unlikely to have contributed to the differences in plasma VWF and endothelin-1 levels between the two groups of patients.
There are many other factors, such as hypertension, diabetes, advanced age and sex that may contribute to the restenosis following carotid stenting. Due to the relatively small number of patients in the present study, multivariate regression analysis on the risk factors for carotid restenosis was not performed. However, there was no statistically significant difference in the proportion of male patients, mean age, and incidence of diabetes or hypertension between the restenosis and non-restenosis groups. Therefore, these factors were unlikely to be the independent predictors of restenosis following carotid stenting in our patients.
A major limitation of the present study was the relatively small patient sample. As a result, a meaningful cutoff value of VWF or endothelin-1 for post-CAS restenosis prediction could not be determined, as the number of patients with severe carotid restenosis was very small (n = 3). Therefore, a larger prospective clinical trial is warranted to ascertain the predictive value of VWF or endothelin-1 for post-CAS restenosis.
Conclusion
This prospective study demonstrated that VWF and endothelin-1 were elevated immediately after CAS. Persistent elevation of the two biomarkers was found in patients with in-stent restenosis following CAS.
